Oceanic islands are biologically important for their unique assemblages of species and high levels of endemism and are sensitive to environmental change because of their isolation and small species source pools. Habitat destruction caused by human landscape development is generally accepted as the main cause of extinction on islands, with exotic species invasion a secondary cause of extinction, especially on tropical islands. However, secondary impacts of human development (e.g., general degradation through resource use and exotic species introduction) are understudied on temperate islands. To determine secondary impacts of human development on the understory vegetation community, 90 field sites on Ulleung Island, South Korea, were sampled during the summer of 2016. Understory vegetation was chosen as it is a proxy for ecosystem health. Diversity and percent cover of introduced, native, and endemic species were tested against proximity to developed areas and trail usage using a model selection approach. Diversity was also tested against percent cover of three naturalized species commonly found in survey plots. The main finding was that distance to development, distance to town, and trail usage have limited negative impacts on the understory vegetation community within best-supported models predicting native and introduced cover and diversity. However, endemic species cover was significantly lower on high usage trails. While there are no apparent locally invasive plant species on the island at the time of this study, percent cover of Robinia pseudoacacia, a naturalized tree species, negatively correlated with plot diversity. These findings indicate that forests on Ulleung Island are not experiencing a noticeable invasion of understory vegetation, and conservation efforts can be best spent preventing future invasions.
Background
Human colonization and landscape development of oceanic islands have caused a loss of global biodiversity through habitat loss and competition with and predation by exotic introduced species (Heywood, 1979; Sax and Gaines, 2008; Vitousek, 1988; Vitousek et al. 1995) . This loss of biodiversity is due to the extinction of endemic species, or species that are found across a limited geographic range. Because of the isolation inherent to islands, these species have small or nonexistent source pools and limited ability to migrate when their habitat becomes inhospitable. The fragility of island ecosystems and their species is important to research in order to understand the underlying processes of human-caused extinction and to better inform management decisions to preserve at-risk species.
Islands have long been recognized for their importance in ecological and evolutionary research. By studying islands, scientists and naturalists have made strides in understanding processes that shape ecosystems and create new species. As important as they are for studying and understanding ecological functions, islands are equally so as biological and genetic resources. Isolation and subsequent evolution of island species often lead to high percentages of endemic species, especially on islands that are highly isolated (Adsersen, 1995; Eliasson, 1995) . Because of this isolation and lack of regional species source pools, island ecosystems can be more susceptible to environmental change and stochastic events which can cause species extinction and affect ecosystem equilibrium. This is becoming especially relevant with increased human influence on natural ecosystems, in terms of both direct and indirect influence. Direct influence may include habitat loss through human development, while indirect influence includes gradual ecosystem change or stochastic events brought on by human-induced factors such as exotic species introduction, increased edge effects, or climate change.
A broader understanding of human impacts on temperate island ecosystems is important because they are biologically diverse ecosystems that have restricted gene and species flow and are therefore more susceptible to endemic species extinctions and ecosystem change than mainland sites. Nevertheless, the effects of human influence on these sensitive ecosystems are understudied. Accordingly, this study will contribute to the knowledge of other ecologically diverse temperate island ecosystems by looking at biodiversity and composition of the understory plant community on the study island.
Study area: Ulleung Island
Ulleung Island, Gyeongsanbukdo, South Korea, is a small, isolated volcanic island located 130 km east of mainland South Korea in the sea of Japan (locally known as the East Sea; Fig. 1 ). Ulleung Island, also known as Ulleungdo, is approximately 73 km 2 in area (Yoon et al. 2013) and hosts up to 685 plant taxa, including 41 taxa of rare plants, and 30 taxa of endemic plants (Yoon et al. 2013) . The high species richness (and presumed biodiversity) of the island makes it an excellent candidate for ecological study. In particular, studying human proximity impacts on biodiversity on Ulleung Island can illuminate the influence of anthropogenic activity on ecologically diverse temperate island ecosystems. Currently, there are up to 89 taxa of naturalized, or introduced, plants on the island (Jung et al. 2013 ), but their effect on the ecosystem has not been studied, so it is unknown whether any of the naturalized taxa could be considered invasive. Interestingly, there is one species that is controlled by cutting on Ulleung Island, Japanese knotweed (Fallopia sachalinensis), which is native (Andersen, 2015) . However, the control for the species, predominantly in altered streams near towns, appears to be more for anthropogenic gain than for preserving biodiversity and ecosystem function. Yang et al. (2015) provide a study of the presence and distribution of naturalized plant species on Ulleung Island. This article indicates problem areas of naturalized species (introduced species that have become integrated into the native plant community) around towns, which supports the hypothesis that human influence is a driver of the success of these species. However, this acts more as a species inventory rather than a controlled study of biodiversity, and therefore a more in-depth study is needed to understand the community dynamics of naturalized, native, and endemic species. Currently, there appears to be no or minimal vascular plant species loss on Ulleung Island (Nakai, 1919; Oh, 1978; Yang et al. 2015; Yoon et al. 2013 ). There are 9 taxa (or unique species/subspecies/forms) of critically endangered plants, 6 taxa of endangered plants, and 12 taxa of vulnerable plants designated by the IUCN on Ulleung Island (Yang et al. 2015) . However, it is unclear whether these taxa are designated because their populations were limited prior to human colonization and development or if their populations have been reduced primarily due to human activity. Further, the role of secondary impacts of development (competition with introduced species, habitat degradation, edge effects, etc.) on these taxa is unknown for Ulleung Island.
Methods

Site selection
Survey sites were randomly preselected in QGIS 2.6 Brighton software along established trail tracks. Additional sites were added in the field where preselected sites were inaccessible due to the terrain. These additional sites were added at 100 and 200 m away from existing sites. Sites were selected to represent three forest canopy types (evergreen, mixed, deciduous) along with all major and minor trails on the island-where the terrain allowed-at varying distances from developed areas. Site selection resulted in a total of 90 sites (Fig. 2) .
Field data collection
Vegetation was sampled across Ulleung Island during June and July of 2016. A total of 90 sites were surveyed with three sample quadrats at each site for a total of 270 1 m 2 plots. A quadrat was defined as a 1 m by 1 m 2 plot. At each site, a GPS point was first taken with a Garmin eTrex 10 GPS using waypoint averaging for accuracy. Habitat metrics were recorded at each site and then vegetation data was collected at each of the three quadrat plots per site. Habitat metrics included trail name, elevation (taken from Garmin eTrex 10 GPS), canopy type (evergreen, mixed, deciduous), canopy percent cover, canopy composition (species), and aspect.
Quadrat plots were laid along the trail at the collected GPS point and at 5 m away on either side of the collected point. Within each plot, all vascular plant species below eye level were recorded and then estimated for percent cover. Percent cover was used as a proxy for abundance as it more accurately represents the prevalence and influence of each species on the landscape. These species were later coded as introduced or native-and endemic if applicable-according to Jung et al. (2013) .
Analysis
The main variables analyzed were the composition of the understory plant community and the proximity (distance) to human influence (towns, presence of human development), as well as trail usage. Proximity to human influence was measured by two metrics: distance to development, and distance to the nearest town. Distance to development was defined as the Euclidean distance to the nearest modified surface identified from Landsat 7 maps, while the distance to town was defined as the Euclidean distance to the nearest town center. Trail usage was graded on traffic observed during surveys, where usage was defined as high when numerous individuals were encountered, medium when few individuals were encountered, and low when no other people were encountered during surveys. Possible confounding site factors included canopy type and cover, elevation, aspect, and distance to the coast. Distance to the coast was defined as the Euclidean distance from the nearest coastline. The main parametric methods used to analyze the data were simple linear regression, multiple linear regression, and analysis of variance (ANOVA). A model selection approach was used to evaluate different candidate models. For model selection, global models were created for each of the four response variables: log-transformed introduced cover (introduced), log-transformed endemic cover (endemic), native cover (native), and site diversity (diversity) using Simpson's Biodiversity Index:
n = number of individuals of each species. N = total number of individuals. The global model included six independent variables: "distance to development" (DD), "distance to town" (DT), "distance to coast" (DC), "trail usage" (TU), "elevation" (E), and "canopy cover" (CC). Candidate models were evaluated, and summary statistics were run to determine their significance. Akaike information criterion (AIC) values were then taken for each model where p < 0.05, and the model with the lowest AIC value was selected as the best fit linear model. For all other models, change in AIC (ΔAIC) was calculated by subtracting the AIC of the selected model from the AIC of the other tested models. Akaike weights were also calculated for each model. The Akaike weight informs the probability of each model being the best representative model, with high Akaike weights indicating the model is more likely to be the best model. Only models with an Akaike weight greater than 0.5 are presented in the results. This value is calculated by:
To determine the effect of individual species on diversity, plot diversity was tested against percent cover of three common naturalized species using simple linear regression. The naturalized species used in this analysis were Robinia pseudoacacia, Erigeron annuum, and Sonchus oleraceus. These species were selected because they were present in 10 or more sample plots. For these analyses, only plots where each species was present were used.
In addition to these models, introduced species cover by plot was tested against endemic species cover and plot diversity using simple linear regression to determine what correlation, if any, there was between these two factors and introduced species cover. ANOVA was used to determine whether canopy type influenced understory diversity or composition. Significance was determined at a cut-off of p < 0.05. Analyses were done in JMP® Pro 12.1.0 and RStudio Version 1.0.136.
Results
Introduced model
The selected model for the variable "introduced" includes the site factors "elevation," "canopy cover," and "distance to development." A total of nine models were tested along with the global and null models (Table 1) . Model 7 (Table 2) had the lowest AIC value and is therefore considered the "best-supported" model, However, model 8 had the next lowest AIC and an Akaike weight of 0.828, indicating it is 82.8% likely that model 8 is the best-supported model to explain the data. Models 5 and 6 also have some support with AIC values within 2 of the best-supported model and Akaike weights > 0.5.
When viewed geospatially (Fig. 3) , it is easy to see where the highest concentrations of introduced species are. Particularly, average percent cover is high in areas close to towns in the southeast corner of the island, where the majority of the island's population and tourism occur. Additionally, 87% of plots containing introduced species occur within 500 m of development and 100% of plots containing introduced species occur within 1 km of development.
Native model
The selected model for the native variable includes the site factors distance to development and distance to town. A total of six models were tested for this factor, along with the global and null models (Table 3 ). Model 5 (Table 4) had the lowest AIC value, with model 4 having the second lowest AIC. The Akaike weight of model 4 was 0.879, indicating it has an 87.9% chance of being the best-supported model.
Endemic model
The selected model for the endemic variable includes the site factor trail usage. This variable only had one statistically significant model out of eight models tested (Tables 5 and 6 ).
Diversity model
The selected model for the diversity variable includes the site factors trail usage, elevation, canopy cover, distance to development, and distance to town. A total of nine models were tested for this variable (Table 7) . Model 1 (Table 8) had the lowest AIC value, followed by model 2. The Akaike weight of model 2 was 0.844, indicating it has an 84.4% chance of being the best model.
Species that impact diversity
Out of the three common introduced species tested, only Robinia pseudoacacia had a correlation with understory diversity. Where it was present in the understory community, plot diversity decreased with higher percentages of this species (Table 9 , Fig. 4 ; R 2 = 0.54, p = 0.0246). There was no significant correlation between plot diversity and Erigeron annuum or Sonchus oleraceus percent cover (p > 0.05). Other naturalized species encountered in surveys included Amorpha fruticosa, Boehmeria nivea, Chenopodium album, Fallopia dumetorum, Hemerocallis fulva, Houttuynia cordata, Rumex acetosella, Taraxacum officinale, Trifolium repens, and Veronica arvensis. Although these species were not uncommon across the island, they did not occur at high enough frequency in the sample plots to be considered for analysis in this study.
Discussion
Overall, all best-supported models incorporated one or more human-related factors. While their relative influence within each model may be low, this shows that there are implications of human influence on the forest understory aside from habitat destruction due to development. Additionally, introduced species cover correlates with distance to development. It was also found that several species-including an introduced tree species, Robinia pseudoacacia-decreased diversity in plots where they were present. There were no correlations between introduced species and diversity or endemic species, indicating there are no invasive plant species at the time of this study.
Introduced cover
The model selection results for the introduced variable indicates that canopy cover and elevation are important factors in predicting the percent cover of introduced species: introduced cover declined with more canopy cover and higher elevation. These two variables were included in all the supported models (Table 1 ). In the best-supported model, introduced cover also declined as the distance to development increased, but this variable was excluded from the next-best model.
In this model, canopy cover has a higher coefficient and a lower p value than elevation, indicating that canopy cover has a greater effect on the introduced cover than elevation. It makes logical sense canopy cover influences introduced species, as many are opportunists and take advantage of greater light availability. It also makes sense for these species to be mostly found in lower elevations because dispersal uphill takes more Notes: N = 90, R 2 = 0.20, p < 0.05 *Significant at a cut-off of p < 0.05 environmental energy than dispersal downhill, and most of the towns on Ulleung Island are in low-lying coastal areas. Dispersal of introduced species to higher elevations would likely require dispersal by animals or humans. Although these introduced species are not very common at higher elevations on Ulleung Island, it should be noted that they are present in small amounts even around Seonginbong-the island's highest peak-likely due to hiking traffic along the trail.
Distance to development, which is also included in the selected model, has the lowest effect on the model. Considering the high Akaike weight of the model that does not incorporate this variable, distance to development does explain as much variation in introduced cover compared to canopy cover and elevation.
The inclusion of distance to development in the introduced model supports the first hypothesis that one of the three human-related site factors is important to predicting introduced species cover.
While the model for the reciprocal of introduced cover only includes a subset of the data and has a low R 2 value, it does still show a relationship between introduced cover and distance to development that can be readily seen when mapped (Fig. 3) . The highest percentages of introduced species will usually be found closer to their sources, which are developed areas where humans have introduced them. Additionally, this model and the lack of significant introduced species cover past 1 km from distance to development indicate that there are few if any problem areas of introduced species.
Native cover
Distance to development and distance to town were the two variables that predicted native cover within the selected model. The coefficient of distance to development is positive in this model, meaning that sites farther from developed areas will have a higher percent cover of native species than sites closer to development. This TU trail usage, E elevation, CC canopy cover, DC distance to coast, DD distance to development, DT distance to town * indicates selected model based on Akaike weight may be due to an effect of general habitat degradation close to developed areas. Conversely, the coefficient of distance to town is negative, meaning sites closer to towns have higher percent cover than areas farther from towns. This could be due to regional variations across the island, but it has a small coefficient in the model, and therefore a small effect on native species cover. This model also has a low R 2 value (0.11), which means that it explains a very small portion of the variation within the model.
The significance of both distance to development and distance to town in this model support the first hypothesis that humans indirectly influence native species cover.
The model including elevation had a high Akaike weight (0.88), so it is also possible that elevation influences native cover on Ulleung Island.
Endemic cover
In predicting endemic cover, only the model including trail usage was significant, meaning that trail usage has the greatest impact on endemic species cover. Since the coefficient in the model is negative, this means that endemic species cover decreases along trails with heavy traffic. However, this model has the lowest R 2 value (0.05) of the models presented in this thesis, so it is likely that some other untested environmental factor is affecting endemic species cover, or that variation in endemic species cover is due to random chance.
This model supports the first hypothesis that humans influence endemic species cover. Additionally, no other model had a low enough AIC value to be considered.
Diversity
The selected model for predicting site diversity was the most complex model, including nearly all site factors used in the global model. The one factor not included was distance to coast. Some of the site factors are more significant and have more weight within the model, but the inclusion of all but one of the factors in the best fit model indicates that the factors influencing understory biodiversity are complex and varied.
In the diversity model, the most significant site factor with the greatest absolute t value was trail usage. Since the coefficient for this variable is negative, this means that higher trail usage decreases site diversity. This may be due to increased use of forest resources on heavily trafficked trails or to the tendency of trail users on Ulleung Island to leave garbage strewn along the trails. The second most significant site factor is distance to development, which also has a negative coefficient, meaning sites closer to developed areas have slightly higher diversity. This is likely due to the higher number of introduced species, which increases richness and diversity assuming the introduced species themselves are not dominating the plant community and displacing native species.
Next, diversity increases with elevation. Higher elevations are more difficult to get to and alter on Ulleung Island, so they generally have plant communities that most closely represent "untouched" or "natural" communities. They are also more in the temperate region of the island (whereas lower elevations are considered almost subtropical). This may mean less domination of vine species that are common in the lower elevation, more subtropical areas of the island. As the next significant factor, increased canopy cover decreases diversity slightly. More canopy cover means less light availability, which means potentially lower establishment and abundance of certain species. Finally, distance to town is the least significant factor in this model, and has a positive effect on diversity. This is likely due to regional variation or is somewhat unimportant to the model, as the distance to development factor indicates that human activities do in fact influence diversity to a degree. TU trail usage, E elevation, CC canopy cover, DC distance to coast, DD distance to development, DT distance to town *Only one model was significant at p < 0.05 The model for site diversity supports the first hypothesis that human activities indirectly influence diversity.
Species that impact diversity
When individual species were compared with biodiversity within individual plots, it became apparent that ubiquitous native species had a greater influence on diversity than did the three most common introduced species. The decrease in biodiversity for plots with the native species likely had to do with the dense root formations of all of these species, with high percent cover leading to crowding out roots of other species.
The decrease in diversity in plots where Robinia pseudoacacia is present may be due to environmental variables affecting the success of R. pseudoacacia or to R. pseudoacacia altering its environment. However, it is still important to note that only 9 plots out of 270 are represented by this result, and therefore any impact of R. pseudoacaia abundance is currently not very great for ecosystems across the island. For the two other introduced species, it is likely that their abundance is so insignificant that those species do not affect the dynamics of the surrounding plant communities.
Conclusions
Implications of models on Ulleung Island understory plant communities
The models selected to best represent the vegetation data collected on Ulleung Island indicate that human activities have slight impacts on the understory plant communities of the island. First, human activities somewhat increase the percent cover of introduced species closer to developed areas. Humans likely have little control over spreading of introduced species, with the exception of escaped cultivated species like Boehmeria nivea, and introduced species do not appear to negatively impact the native plant communities of the island. This is especially apparent in the lack of influence secondary human activities have on native and endemic species percent cover. Secondary activities in this case primarily include the introduction of native species and general degradation that happens with human proximity and use of forested areas.
Although these secondary human activities on Ulleung Island do not impact native and endemic groupings, it is somewhat concerning that understory diversity decreases with increased trail usage. While this may be due to overgrowing along trails that are not kept up, it may indicate poor environmental stewardship of trail users. This could be because of a lack of awareness of ecological and environmental processes. Anecdotally, Koreans tend to be very culturally invested in their forests, but environmental science and ecology are often less important to them. This is apparent in the abundance of trash that is sometimes present along the more popular trails on the island. Degradation along popular trails may be exacerbated by the large amounts of tourists the island sees every year.
Implications for analogous islands
Secondary influences caused by human activities likely do not significantly impact understory plant communities on other temperate islands. While the story may be different on tropical islands or unforested islands, the forest cover, climate, and potentially limited resources on temperate islands make establishment and invasion difficult for exotic plant species. Further, the limited impacts of these exotic species on the native and endemic species of Ulleung Island indicate that there may be little impact on analogous islands.
The exceptions would be islands where one or two particularly invasive species are introduced and spread, or where a non-invasive introduced species displaces a rare endemic species. The latter would be difficult to detect in studies of the whole plant community, and a targeted survey for the at-risk species would have to occur to determine decline and displacement by exotic species. In this case, a time series study of percent cover of introduced species and community ordination in areas where the target species occurs would be appropriate.
To further determine the secondary effects of human landscape development on the understory vegetation communities of Ulleung Island and analogous temperate islands, baseline studies-like the one presented in this thesis-and continued monitoring of these communities is necessary. However, it is likely that declines in richness and diversity are caused by habitat destruction and are, at best, only minimally influenced by secondary human activities.
Suggestions for future study
Opportunities to build on this study are plentiful, and future study would add to the understanding of human effects, vegetation communities, and effects of climate change. This study can be expanded on Ulleung Island to include more study sites, species, and time series. This study can also be replicated on analogous islands.
In future studies, it would be beneficial to add more study sites to cover more of the island or to establish permanent study sites for continued monitoring. First, sites above 600 m can be added to expand understanding of plant communities. Second, more remote areas could be accessed over time to include areas that are relatively untouched by human disturbance. Further study may also include gathering more environmental data and quantifying human use of trails and forest resources across the island. Monitoring should occur periodically to determine the effects of increased tourism and climate change on the island. Warming could push endemic species to higher elevations, eventually removing their habitable area from the island entirely. One example of this is the endemic species Corydalis filistipes, which is already very rare and is primarily found in the highest elevations of the island (Andersen, 2015) .
Suggestions for conservation
The results of this study can inform future conservation efforts for Ulleung Island and analogous islands. Future efforts, on Ulleung Island specifically, should focus on environmental awareness and on reducing complete habitat destruction.
Because plant groups and communities are affected only slightly or not at all by the secondary impacts of human activities, there is little need for costly restoration of existing ecosystems. Instead of spending funds on eradicating exotic invasive species, funds can be spent on reducing the amount of new exotic species introduced. Additional funds can be spent improving education and signage along trails on the island. Currently, there are some signs showing forest succession and the importance of primary forest, as well as signs about ecological processes and endemic species on the island, but there is much to be desired in terms of conservation and reducing the impact of visitors to the island.
Further understanding of the importance of the island's ecosystems and species can also contribute to the designation of ecologically important areas. This study, along with other ecological studies and a number of genetic studies, help solidify the ecological value of the island. A large portion of the island's forest is designated as a Forest Genetic Resources Reserve (FGRR) by the South Korean government (Korea Forest Service, 2007) , and there are many "natural monuments" designated on the island, but more and stronger designations could help reduce habitat destruction for development. Even in the 3 years between the author's initial and data collection visits, there has been significant environmental destruction from development, as interest in Ulleung and Dokdo Islands has increased tourism to both islands. Reducing development by increasing environmental protection will be the most effective way to preserve diversity on Ulleung Island and its species that are at the highest risk of extinction.
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